We experimentally demonstrate that four-wave mixing ͑FWM͒ and six-wave mixing ͑SWM͒ processes can be selectively turned on and off in a close-cycled four-level atomic system. Under certain laser beam configuration, the FWM and SWM processes can be made to coexist with similar signal amplitudes and transmit through the same electromagnetically induced transparency window in such folded four-level atomic system. By introducing an additional pumping laser beam connecting to the fifth energy level, both FWM and SWM signals can be greatly enhanced. In these opencycled multilevel atomic systems, the FWM and SWM signals can be simultaneously generated via transitions in different branches associated with different electromagnetically induced transparency 7,8 ͑EIT͒ indows, which can be separated ͑or placed together to overlap͒ in frequency by adjusting the frequency detunings of various coupling laser beams. 5, 6 The atomic coherence effect is the key to enhance the magnitude of the higher-order SWM signal to be comparable to the FWM signal ͑which is suppressed at the same time͒, so the interference between the FWM and SWM signals can be experimentally observed.
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In the close-cycled ͑or folded͒ four-level atomic system, as shown in Fig. 1͑a͒ , the SWM process ͑via the path
͉0͒͘ will have to go through the FWM path
͉0͒͘.
9 So when an efficient FWM process with one weak probe beam E 1 ͑ 1 , k 1 , and Rabi frequency G 1 , connecting transition ͉0͘ and ͉1͒͘ and two coupling laser beams ͑E 2 with 2 , k 2 , and Rabi frequency G 2 and E 2 Ј with 2 , k 2 Ј, and Rabi frequency G 2 Ј, connecting upper transition ͉1͘ and ͉2͒͘ exists, it will dominate the wave-mixing processes since the SWM process will be several orders of magnitude smaller than the FWM signal in such case even when the strong fields E 3 ͑ 3 , k 3 , and Rabi frequency G 3 ͒ and E 3 Ј ͑ 3 , k 3 Ј, and Rabi frequency G 3 Ј͒ ͑connecting transition ͉2͘ to ͉3͒͘ are present.
However, one can turn off the dominant FWM process by blocking either E 2 or E 2 Ј beam, in which case the system will promote and only generate the SWM processes
as demonstrated in Refs. 4 .
In this letter, we show that by using a strong E 2 and a weaker E 2 Ј ͑E 2 ЈӶ E 2 ͒ for the upper transition ͉1͘ and ͉2͘, together with E 3 and E 3 Ј ͑for transition ͉2͘ and ͉3͒͘, both FWM and SWM processes can be generated simultaneously and, with appropriate conditions, made to be in similar magnitudes. To experimentally demonstrate different wave-mixing processes, such as pure FWM, pure SWM, coexisting FWM and SWM, as well as dressed FWM, different coupling laser beams will be blocked during the experiments. Also, when an additional pumping laser beam E 4 ͑ 4 , connecting transition ͉4͘ to ͉3͒͘ is turned on, as shown in Fig. 1͑b͒ , the dressed-FWM and SWM signals can be greatly enhanced, indicating optical pumping, as well as dressed-SWM effect. One ladder-type EIT subsystem will form between transitions ͉0͘ → ͉1͘ → ͉2͘ and an EIT window appears ͓bottom curve of Fig. 2͑a͒ , labeled as P͔, 8 which depends on the frequency detuning ⌬ 2 ͑⌬ i = ⍀ i − i with atomic resonant frequency ⍀ i for the corresponding transition͒. The generated multiwave mixing ͑MWM͒ signals at frequency 1 all fall into this EIT window and can pass through the medium with reduced absorption. To spatially separate these generated MWM signals from the probe beam E 1 and satisfy the phasematching conditions and two-photon Doppler-free configurations, 5, 8 the laser beams are aligned spatially in the square-box pattern shown in Fig. 1͑c͒ , with five laser beams ͑E 2 , E 2 Ј, E 3 , E 3 Ј, E 4 ͒ propagating through the atomic medium in the same direction with small angles ͑ϳ0.3°͒ between them. The probe beam E 1 propagates in the opposite direction. The generated MWM signals are then all propagating in one direction labeled as E M in Fig. 1͑c͒ .
The experimental demonstration of coexisting MWM processes through one EIT window was carried out in atomic vapor of 85 Rb. The energy levels of 5s 1/2 ͑F =3͒, 5p 3 and 5p 1/2 form the folded four-level system, as shown in Fig.  1͑a͒ . The atomic vapor cell was heated to temperature of 60°C. The six laser beams were arranged as indicated in Fig. 1͑c͒ . The probe laser beam E 1 ͓with wavelength near 780 nm from an external cavity diode laser ͑ECDL͒, connecting transition 5s 1/2 -5p 3/2 ͔ is horizontally polarized and has a power of ϳ7 mW. The laser beams E 2 and E 2 Ј ͑wave-length 776.16 nm connecting transition 5p 3/2 -5d 3/2 ͒ are split from another ECDL, each with a vertical polarization. The laser beams E 3 and E 3 Ј ͑wavelength 762.10 nm connecting transition 5d 3/2 -5p 1/2 ͒ are split from a cw Ti:sapphire laser, each with a vertical polarization. Great cares were taken in aligning the six laser beams with spatial overlaps and wave vector phase-matching conditions with small angles ͑ϳ0.3°͒ between them, as indicated in Fig. 1͑c͒ . Under cer-
with horizontal polarization are all in the direction of E M with a small angle 0.3°͓at the right upper corner of Fig. 1͑c͔͒ and are detected by an avalanche photodiode detector. The transmitted probe beam is detected by a silicon photodiode as a reference. The pumping laser beam E 4 ͓wavelength 794.97 nm connecting transition 5s 1/2 ͑F =2͒-5p 1/2 ͔ is from yet another ECDL, with a vertical polarization. Other than optically pumping the population from 5s 1/2 ͑F =2͒ to 5s 1/2 ͑F =3͒, this pumping beam also acts as a dressing beam to the system.
Without E 3 and E 3 Ј beams, the strong coupling beam E 2 ͑a power of 30 mW͒ and weak coupling beam E 2 Ј ͑a power of 3 mW͒ ͑i.e., E 2 ӷ E 2 Ј͒ together with the weak
͑3͒ with k F ͔ at frequency 1 , as shown in Fig. 2͑a͒ ͑top curve͒, which falls in the EIT window P ͑lower curve͒ and is very efficient. Next, E 3 is turned on ͑E 3 Ј still blocked͒, which will perturb the FWM process and create dressed states for level ͉2͘. 10 The resulting dressed FWM signal 
͑5͒ with k S1 ͔ as shown in Fig. 2͑d͒ ͑labeled as S1͒. However, when E 2 is blocked instead of E 2 Ј, the produced SWM signal ͓ 00
͑5͒ with k S2 ͔ gets very small since E 2 Ј is much weaker than E 2 ͓Fig. 2͑e͒ labeled as S2͔. Now, with all five laser beams ͑E 1 , E 2 , E 2 Ј, E 3 , E 3 Ј͒ on, especially with E 2 ЈӶ E 2 , both FWM and SWM processes can exist and propagate in the same direction, which can be shown by the fact that the total generated MWM signal ͓as shown in Fig. 2͑f͒ , labeled as M͔ is larger than the pure FWM signal F ͓in Fig. 2͑a͔͒ . These generated MWM signals in M all fall into the same EIT window. This system with all five laser beams on as shown in Fig. 1͑a͒ can be considered as dressed-FWM for the three-level ladder system ͉0͘ → ͉1͘ → ͉2͘ by the two coupling beams E 3 and E 3 Ј, which should only reduce the FWM signal at on-resonance condition. 10 So, the additional signal strength in M ͑compared to the FWM signal F͒ must be due to the additional SWM signals ͓pro-portional to S1 and S2 in Figs. 2͑d͒ and 2͑e͔͒. More strikingly, one can easily see that the ratio of SWM/FWM strengths can be adjusted by controlling the strength of the E 2 Ј beam. When E 2 Ј has the similar intensity as E 2 , only a very small percentage of SWM signal exists since the efficient FWM process dominates. As the intensity of E 2 Ј decreases, the large FWM signal gets suppressed, as the percentage of SWM increases, until the FWM process is completely turned off when E 2 Ј→ 0.
In addition, when all six laser fields ͑E 1 , E 2 , E 2 Ј, E 3 , E 3 Ј, E 4 ͒ are all turned on simultaneously, this system also generates another SWM ͓ 00
͑7͒ ͔ signals falling into this EIT window, which propagate in a different direction due to phase matching conditions
rection with a small angle of 0.6°, respectively, as demonstrated in solid and liquid system. 9 In the following, we show how the dressed FWM and SWM signals can be enhanced by employing an additional pumping field E 4 connecting energy levels ͉3͘ to ͉4͘ ͓another hyperfine ground state of the atom, 5s 1/2 ͑F =2͔͒, as shown in 3 . Specifically, the dip at the line center ͑⌬ 1 = ⌬ 2 =0͒ of the FWM spectra ͑Fig. 3͒ is due to three-photon ͑one probe E 1 photon plus one each from E 2 and E 2 Ј photons͒ destructive interference with the generated signal E F photon. 5, 6 It is seen from Fig. 3͑b͒ that, as the frequency detuning ⌬ 3 changes, the dressing field E 3 starts to move into the right peak of the dressed states at ⌬ 3 =−⌬ 1 = ⌬ 2 = −20 MHz of the FWM signal ͑D1͒, and suppress it. When E 4 is turned on, the dressed-FWM signal gets much larger, as shown in Figs. 3͑c͒-3͑e͒, which are for these different ⌬ 3 values. The large enhancement can have contributions from optical pumping of population from the ground-state ͉4͘, and from effect due to perturbed original dressed-FWM system ͓considered as doubly dressed FWM ͑Ref. 10͔͒. It is seen from Fig. 3͑d͒ that, as the frequency detuning ⌬ 3 changes, the dressing field E 3 starts to emerge into the right peak of the dressed FWM signal ͑D1͒, and suppress it. Meanwhile, it can emerge into the center of the FWM signal ͑D1͒, and suppress the signal at this frequency, as shown in the curve ͓⌬ 3 = ⌬ 1 = ⌬ 2 = 0 of Fig. 3͑e͔͒ . So, the generated FWM signal can be locally and selectively suppressed via controlling frequency detuning of the coupling beam E 3 .
Also, if only E 2 Ј is blocked, the original folded four-level system generates SWM only, as shown in Fig. 4͑a͒ . The double-peak structure is due to the destructive interference between five-photon ͑one probe E 1 photon, two E 2 photons plus one each from the E 3 and E 3 Ј photons͒ and the generated signal E S1 photon. When the additional pumping field E 4 is turned on, this SWM signal is also greatly enhanced, as shown in Fig. 4͑b͒ . These two SWM signals ͑with and without E 4 ͒ are plotted in Fig. 4͑c͒ as a function of the coupling beam Rabi frequency G 3 . As one can see that with E 4 beam, the SWM signal strength changes significantly, showing a clear maximal value at G 3 ϳ 2 ϫ 76 MHz, which indicates a matching between various coupling powers to achieve optimal atomic coherence in the system, as observed in the FWM and other nonlinear systems.
2 Such dressed-SWM system is very interesting and deserves further studies both theoretically and experimentally.
In summary, we have experimentally demonstrated selective generates of FWM and SWM in a close-cycled fourlevel atomic system. By employing a weak coupling beam ͑E 2 Ј͒, the ratio of SWM to FWM signal strengths has been adjusted, and can be made to be any desired values for applications. With an additional pumping/dressing laser beam, the dressed-FWM and SWM signals can all be greatly enhanced. Generation and understanding higher-order nonlinearities in multilevel atomic systems can find important applications in studying interesting effects such as stable twodimensional soliton formation and liquidlike surface tension. 11 We acknowledge the funding support from the National Science Foundation. 
